A recent study shows that young infants are sensitive to image differences that older children and adults cannot detect. Learning not to notice such image differences is crucial for developing a visual system that recognizes materials correctly.
Practically every aspect of our sensory systems improves during childhood. From spatial resolution [1] and stereoscopic depth perception [2] [3] [4] , to the ability to combine multiple sources of sensory information [5] or to anticipate the behaviour of objects [6, 7] , visual development is typically a story of continuous improvement. As a result, adults and older children should be better at discriminating visual stimuli than younger infants. But as reported in this issue of Current Biology, Yang et al. [8] have now shown that there are also cases where the crucial development is in exactly the opposite direction. They found that infants aged 3-4 months can discriminate between images that older infants and adults cannot; however, this apparent decline in visual abilities is actually a crucial stage in the development of 'material constancy' -the ability to identify surface material across changes in lighting, viewpoint or shape.
Yang et al. [8] took advantage of a 'preferential looking paradigm' to investigate infants' sensitivity to image differences. This method is a mainstay of developmental psychology research, which exploits infants' preference for novelty to measure their discriminate abilities. In such experiments, the babies are presented with two competing streams of stimuli, side by side, while their gaze is monitored to record which side they look at more. The power of the method lies in the specific sequence of images that are pitted against one another. If the stimulus sequence on one side of the screen remains constant, or is seen by the infant to remain constant, while the other varies, then infants will tend to shift their gaze to the side with the varying stimuli, because of their innate preference for novelty. This allows the experimenter to measure the extent to which infants can differentiate the images in each sequence: if the infants can tell them apart, then the sequence is appealing; if not, then they all look the same, and the novelty-seeking infants' gaze will soon wander off to the other side. Similar methods have been used to trace the development of complex abilities and concepts that adults take for granted, such as physical reasoning [7] and numbers [9] .
Yang et al. [8] used this method to investigate the development of material constancy -the ability to identify a surface's material, such as gold, wax, paper or wood, across varying viewing conditions. Material constancy is a computationally challenging task for the human visual system, because a given material can take on many different appearances in the image, depending on the lighting conditions, object shape or viewpoint. For example, the image of an ideal polished metal object is simply a distorted reflection of the world surrounding the object. Thus, when the object is moved from scene to scene, the image changes dramatically (Figure 1 ). Despite this, something about the subjective appearance of the object remains constant across such changesto adults, at least. We can usually correctly identify materials across diverse viewing conditions. How exactly the visual system achieves this remains poorly understood, and has been a topic of controversy since at least the nineteenth century.
More generally, the image of a given surface is a complex combination of illumination, shape and material properties. As a consequence, there is a formal ambiguity about the causal origin of structures and patterns observed in the image. A given change in intensity or colour could be due to one of many distinct physical causes: it could be a change in surface pigmentation, a highlight, a shadow, a crease in the surface's shape, or something else. To achieve material constancy, the visual system must learn to attribute the image features to their true underlying causes, sifting apart the contributions of illumination, shape and material.
Using computer graphics, Yang et al. [8] rendered images of matte and glossy surfaces under varying lighting conditions. The differences in lighting led to changes in the positions and intensities of highlights and shading patterns. Adults (correctly) ignore such image variations, attributing them to the illumination rather than to the surface itself. However, the authors found that young infants (before 5 months) are highly sensitive to these changes, presumably because they have not yet learnt how to parse and interpret the image correctly. The bright splotches that are highlights are highly salient, and thus infants below 5 months readily detect them; however, for infants above 6 months -like adults -the bright splotches are correctly interpreted as features caused by the illumination. Therefore, despite yielding large local contrasts in the image, they are effectively ignored or suppressed. It is this development of 'visual equivalence' between different retinal stimulation patterns that heralds the arrival of constancy abilities. Thus, learning to see materials correctly actually first involves developing an insensitivity to image variations that are caused by the illumination: learning not to see.
This finding sheds new light on a longstanding debate about how the visual system achieves constancy. Helmholtz [10] suggested that the visual system explicitly estimates and discounts the illuminant from the observed image. That is, through an (unspecified) process of 'unconscious inference' the visual system actively suppresses or eliminates the effects of illumination. Others, however, have suggested that to achieve constancy, the visual system need only identify cues in the image that are invariant across changes in the illumination. For example, Wallach [11] noted that the ratio of intensities projected by two different surfaces remains invariant across changes in the illuminant. Because both patches get brighter or darker in proportion to the amount of light, it is not necessary to explicitly estimate and discount the illuminant to compute their relative reflectances.
The Yang et al. [8] study, suggests, however, that there may indeed be an explicit process of suppression involved in constancy. They found that there is a crucial transition period between 5 and 6 months when infants can no longer distinguish the effects of changing illumination, but still have not developed the ability to distinguish between surfaces. In other words, in order to develop material constancy, the brain first learns to suppress illumination-related image variations, and only subsequently sensitizes to (more subtle) material-related image variations. In the interim pair of months, the infants have trouble with both tasks: we get worse before we get better.
Such non-monotonic changes in ability are also found in other domains of development, such as language acquisition, where toddlers who are starting to talk begin by producing certain irregular grammatical forms correctly (for example 'I went'), then get worse as they start to learn the general rules of grammar (for example 'I goed'), and finally learn to fit the exceptions into their command of language [12, 13] . This raises an important general question about development of complex abilities, and in particular the development of visual constancies. One possible explanation of non-monotonic maturation is that there are two distinct mechanisms: one that dominates early in development but which declines over time, and an independent mechanism, which starts weakly but gradually improves with age. If task performance at a given age is determined by the maximum performance of the two mechanisms, this predicts a U-shaped (non-monotonic) change in ability. Yang et al. [8] suggest such an explanation: early in development a mechanism accesses local image features, whereas later in development, a complementary neural representation of the properties of objects develops.
There is, however, an alternative possibility. It could be that the apparently phasic development of constancy is actually the result of a single continuous learning process [14] , which gradually accumulates evidence of the true causal structure underlying images, over the course of development. Early in development, babies have seen relatively little, so the best internal model to account for the range of observed images deals in their local features: bright and dark blobs that occur at different locations on the retina. In reality, however, there is actually a 'hidden order' to the patterns of brights and darks: they are not placed on the retina at random, but by the physics of the real world. Latent factors like illumination, shape and material are responsible for the observed image. During development, repeated exposure to images drawn from the real world starts to reveal the action of these latent variables. With experience it becomes clear that a better explanation of images deals not in terms of local splotches of light, but instead in terms of the underlying physical parameters: illumination, shape and material. Thus, later in development, the very same visual inference engine draws on different image features, simply as a result of having been trained on a larger dataset. Male worm mating requires lov-1 and pkd-2 (homologs of the human polycystic kidney disease genes, PKD1 and PKD2), which are expressed in male-specific neurons. Transcriptomic analysis of these neurons now catalogs molecules involved in signaling and ectosome biogenesis, with implications for human PKD.
Polycystic kidney disease (PKD) represents one of the most common human genetic diseases, affecting 1 in 800 individuals, and is a major cause of renal failure [1] . There are two autosomal dominant genes responsible for the disease -PKD1 (OMIM:601313) and PKD2 (OMIM:613095), encoding polycystin-1 (PC1) and polycystin-2 (PC2), respectively. PKD is characterized by the slow development of fluid-filled cysts in both kidneys, secondary to epithelial dedifferentiation, increased proliferation, apoptosis and the acquisition of a secretory phenotype. Both PC1 and PC2 have been localized to the primary cilia of renal epithelia and both are secreted on urinary exosome-like vesicles, 100 nm diameter membrane vesicles that are generated by the multivesicular body pathway and secreted from the apical aspect of the cell [2, 3] . In the worm, the homologs of PC1 and PC2 -LOV-1 and PKD-2(LOV-2) -are needed for efficient male mating [4, 5] . Male worms have 48 specialized sex-specific neurons, termed extracellular vesicle releasing neurons (EVNs), that are ciliated and produce 100 nm diameter membranous extracellular vesicles (EVs). These vesicles are secreted by an ectosomal pathway from the plasma membrane close to the base of the cilium. Cilia as well as EVs are needed for the acquisition of a hermaphrodite and subsequent mating. LOV-1 and PKD-2(LOV-2) localize to the cilia and EVs of male EVNs, showing that polycystin subcellular localization has been conserved over an evolutionary distance of 10 9 years.
A study by Wang et al. [6] published in this issue of Current Biology now identifies new components of the polycystinmediated signaling pathways in Caenorhabditis elegans that will be relevant to PKD. Topologically, both LOV-1 and PKD-2(LOV-2) appear very similar to PC1 and PC2, respectively, with an identical arrangement of transmembrane domains and intra-and extracellular loops (http://www.kumc.edu/documents/ kidney/PC1_LOV1.pdf). LOV-1 has two blocks of 20-25% identity in the last six transmembrane domains of PC1 and has a PLAT (polycystin-1, lipoxygenase and alpha-toxin) domain and a G-protein-coupled receptor proteolytic site (GPS). Cleavage at the GPS separates PC1 into carboxy-and amino-terminal portions and the same is predicted to occur in LOV-1. The extracellular domain of LOV-1 is mainly composed of a serine/threonine-rich mucin-like region, in contrast to PC1, which is a mosaic of leucine-rich repeat (LRR), carbohydrate-binding wall integrity and stress response component (WSC), C-type lectin, receptor for egg jelly (REJ) and 17 PKD1 domains. PKD-2(LOV-2) is a good homolog of PC2, with 36% identity across its six transmembrane domains (http://www.kumc.edu/documents/ kidney/PC2_LOV2.pdf). The carboxyterminal six transmembrane domains of PC1/LOV-1 and the six transmembrane domains of PC2/PKD-2(LOV-2) have homology to TRP cation channels and co-expression of PC1 and PC2 has been shown to generate cation channel activity [7] . Despite the differences in the first extracellular region of PC1 and LOV-1, the worm and human proteins are remarkably conserved [4] . Thus, male mating behavior presents a robust and tractable system for dissecting the biology of a bona fide polycystin complex, assessable using the power of worm genetics. The lov-1 and pkd-2 genes are involved in the generation of three behaviors: sex drive, which is the tendency of a male to leave a food supply and search for a hermaphrodite; response, which is the stereotyped circling behavior of a male when he finds a potential mate; and finally
